The design of two-dimensional (2-D) digital filters can be accomplished using the singular-value decomposition (SVD) method proposed by the authors in the past. The method in its present form treats all the elements of the sampled frequency-response matrix uniformly. Although the method works very well, in certain applications improved designs can be achieved by preconditioning the frequencyresponse matrix in order to emphasize important pans and deemphasize unimportant parts of the matrix. The preconditioning can be achieved through the use of an optimal weighted low-rank approximation (WLRA). Current methods for WLRA provide only local solutions. In this paper, we propose a method that can be used to perform WLRA which is globally optimal for complex-valued matrices. The usefulness of the proposed method will be demonstrated by applying it to the design of 2-D digital filters.
INTRODUCTION
The singular-value decomposition (SVD) [11- [3] has found numerous applications in the past [41-[131. In a two dimensional (2-D) filter design context, the SVD is applied to a complex-valued matrix F obtained by sampling the desired frequency response, ' which results in several pairs of singular vectors. It has been shown that the design of a 2-D digital filter can be accomplished by designing a set of I-D filters whose frequency responses approximate the singular vectors [8]- [13] . Although the method works very well, in certain applications, improved designs can be achieved by preconditioning the fre,quency-response matrix in order to emphasize important parts and deemphasize unimportant parts of the matrix. The preconditioning can be achieved through the use of an optimal weighted low-rank approximation (WLRA).
The WLRA was considered in [I41 for real-valued matrices and in [I51 for complex-valued matrices. However, the methods proposed in [14] [15] only produce suboptimal solutions. In this paper, we propose a method that can be used to perform WLRA which is globally optimal for complexvalued matrices. In essence, our method is based on two facts: First, if the weighting matrix in the WLRA is a trivial matrix whose elements are all equal to unity, then the SVD provides a globally optimal solution for the WLRA problem; second, the globally optimal solution is a continuous function with respect to the elements of the weighting matrix. The usefulness of the proposed method is demonstrated by applying it to the design of 2-D digital filters. where the optimal rank-K approximation F K is given by 
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III-695 4.3. A Special Case
A special case of practical importance is the WLRA for realvalued matrices. If F E R M X N , then the quadratic function j ( z , W) in (9) and II are then used to update Q and q using (1 l b H l Im), and the updated Q and q are used in the problem in (12) to find a new perturbation vector z. The iteration continues until the magnitude of z is less than a prescribed tolerance.
APPLICATION FOR THE DESIGN OF 2-D DIGITAL FILTERS
For the sake of simplicity, we consider the design of linearphase 2-D digital filters. In this case, matrix F consists of the desired amplitude response at a set of frequency grid points over the region {-7r 5 w1 5 7r, -a 5 w z 5 n). A piecewise constant weighting matrix W with large values for the passbands and stopbands and small values for the transition bands can be used to emphasize important parts and deemphasize unimportant parts of matrix F. Having determined matrices F and W, the method described in Sec. 4 can be applied for a given number of sections, K , The use of WLRA in the SVD method offers considerable design flexibility, in practice, and enables the designer to achieve not only a better design but also a more economical one.
A DESIGN EXAMPLE
The proposed method was applied to design a circularly 
CONCLUSIONS
We have developed a method that,can be used to perform WLRA that is globally optimal for complex-valued matrices.' It has been shown that the global solution can be obtained by solving QP subproblems in an iterative manner.
The usefulness of the proposed method has been demonstrated by showing that it yields designs with reduced passband ripple and increased stopband attenuation relative to the SVD method without WLRA.
